~" To determine the results of lumbar discectomy in pediatric patients, a review was conducted of the medical records of 74 consecutive patients (40 males and 34 females) younger than 17 years who underwent lumbar disc surgery between 1950 and 1983. During this period, only 3% of patients younger than 17 years who presented with the chief complaint of low-back pain eventually had lumbar disc operation. In 43 patients it was thought that an injury had precipitated the symptoms. Thirty-seven patients had a nerve deficit at the time of initial evaluation. Water-soluble contrast'myelography with repeated postmyelographic computerized tomography is currently used to confirm the diagnosis. The disc operations were performed at the L4-5 level in 47% of patients, the L5-S1 level in 45%, the L3-4 and L4-5 level in 4%, and the L4-5 and L5-SI level in 4%. Fourteen of the 74 patient underwent spinal fusion with their first operation. At 9 months postoperatively, 95% had good or excellent results. During an extended follow-up period of up to 34 years, 16 of the patients with early successful results required further back procedures. After all medical and surgical treatment in this group of patients, the results were excellent in 57%, good in 38%, and poor in only 4%.
O

NLY 12 years after Mixter and Barr 12 reported
the clinical syndrome of low-back pain and sciatica associated with rupture of a lumbar vertebral disc, Wahren 16 described a similar entity in a 12-year-old boy. Since these early articles, several authors have discussed the diagnosis and surgical management of this entity. ~-~~ Most reports have involved small numbers of patients with variable follow-up periods. 2-4'6"7"9'14'15 Information concerning the surgical treatment of lumbar disc disease in adolescents is sparse, and many of these reviews contain a large number of patients in their late teens. Less than 3% of all lumbar disc operations are performed on patients younger than 20 years, although a single report of a group of Japanese adolescents suggested a higher percentage? ~ In a recent review of 9991 lumbar discectomies performed at the Mayo Clinic, only 0.5% of the patients were 16 years old or younger. 5 For further evaluation of the clinical and surgical aspects of lumbar discectomies in pediatric patients, the records of the 74 patients aged 16 years or younger who underwent discectomies between January, 1950, and May, 1983, were reviewed. During this same period, a total of 16,586 discectomies were performed; thus, only 0.4% of the patients who underwent lumbar discectomy were younger than 17 years.
Clinical Material and Methods
Of the 74 patients in this series, 40 were males and 34 were females. The mean age of the male patients was 15 years 2 months, and that of the female patients was 15 years. These patients, who underwent a lumbar disc operation, represented only 3% of the total 2467 patients younger than 17 years with the chief complaint of low-back pain who were evaluated at the Mayo Clinic during this period.
We agree with other investigators who believe that disc degeneration and possibly structural variations predispose the patient to disc herniation and result in compression of the root or cauda. Nevertheless, some traumatic event or activity frequently seems to precipitate or exacerbate the symptoms. In 43 patients in this study it was thought that an injury caused the symptoms that eventually led to discectomy ( Table 1) .
The presenting symptoms were similar to those observed in adults. Neurological deficits are less likely to be noted or mentioned by children. Although only 10 of the 74 patients complained of weakness or numbness Table 3 ). The radiculopathy was manifested by weakness, reflex change, sensory loss, and electromyographic changes. The average weight of the male and female patients did not differ from that of normal individuals matched for age and sex. A standardized t-test, however, indicated that the patients were approximately 2% taller than their sex-and agematched controls.
The roentgenographic findings did not reveal any common predisposing factors. Scoliosis, found in 17 patients, was generally mild and appeared to be secondary to muscle spasm (Table 4) . Interspace narrowing was noted in 11 patients, but the frequency and degree did not seem unusual even in this young age group. We do not believe that other spine abnormalities such as spina bifida, spondylolisthesis, or transitional segmentation increased the likelihood of symptomatic disc disease. All patients underwent myelography to confirm the presence of disc protrusion or extrusion and to rule out other intraspinal abnormalities. The myelograms were abnormal in 68 of the 74 patients and were diagnostic in 65.
Nonoperative treatment before discectomy included hospitalization with bed rest, physical therapy, frequent pain medication, muscle relaxants, and occasionally traction. The duration of nonoperative therapy was variable, depending on the response to treatment before evaluation at our clinic and the presence or absence of a neurological deficit. If a neurological loss was found, the amount of the deficit, clinical course, and nature of the loss all influenced the duration of nonoperative treatment.
The usual surgical procedure was unilateral partial hemilaminectomy with removal of variable portions of the medial facet to identify and free the compressed nerve root. The extruded or protruded disc was removed, and the disc space was entered and cleaned of as much degenerated material as could safely be removed. The end-plate was not intentionally removed, and the disc was usually removed only from the symptomatic side. In this series, 12 patients had two levels inspected and 10 patients had bilateral procedures. Most of the two-level explorations and bilateral procedures were conducted early in this series, before the use of watersoluble contrast agents and computerized tomography (CT). Two-level explorations were performed because of nondiagnostic roentgenographic findings, multilevel myelographic defects, or failure to find significant root compression at the initially operated level. The bilateral procedures were all carried out at one level only, and they were performed because of anterior midline defects in five patients, bilateral myelographic defects in three, and indeterminate findings on myelography in two. No patient had multiple unilateral roots explored during the last 6 years of the study.
Extruded free fragments were rare. Most patients had protruded discs compressing the overlying nerve root. The consistency of the disc was frequently fibrotic, and it was more difficult to remove from the interspace than is often the case in adults. The discs were more adherent to the end-plates and contained more fluid than in adults.
Spinal fusion was performed at the time of the initial disc operation in 14 patients. Currently, fusion is performed to correct or to avoid early or late instability after disc operation. Patients with spondylolisthesis, vertebral body subluxation, or bilaterally incompetent facets due to developmental or postsurgical changes are 
the main candidates for primary fusion. It has not been our policy to perform fusion on all patients who undergo partial facetectomies at the time of disc operation. Early in this series, several patients had fusions because of narrowing of a disc space; however, this is no longer routine.
Results
Long-term follow-up data were obtained primarily by chart review and telephone calls. The follow-up period ranged from 2.5 years to 34 years (mean 18 years 2 months).
The most common levels of disc abnormality causing root or cauda compression were at L4-5 (47%) and L5-SI (45%). Three patients (4%) had a multilevel operation at the L3-4 and L4-5 interspaces, and three patients (4%) had an operation at both the L4-5 and L5-S 1 levels. Two patients had surgical complications: one had a superficial wound hematoma, and one developed thrombophlebitis 10 days postoperatively.
The initial results after lumbar disc operation were encouraging. Of the 74 patients, only five stated they had an initial poor result. One developed pseudoarthrosis at the site of an associated fusion, and improved after this was corrected. Another patient improved after an entrapped sciatic nerve was released and, although a myelographic abnormality was present preoperatively, the original pain could possibly have been due to the sciatic nerve entrapment. Two patients improved spontaneously. At 9 months postoperatively, only one of the 74 patients was unrelieved by surgical or medical treatment.
Unfortunately, these early encouraging results did not persist. At 1 year after the initial operation, a patient who initially had an excellent result had a recurrence of radicular pain and returned for a second back operation at the same level. During the follow-up period, 16 patients again developed significant back or leg pain that resulted in 23 more spine operations. The second operation was performed 1 year to 20 years after the initial procedure (mean 5.4 years). Six patients had a third operation, and one patient had a fourth operation (Table 5) .
Besides the fact that 16 patients required an additional operation, some of the patients with initially good and excellent results also seemed to have some increase in their back discomfort even though surgery was not thought to be indicated. At the final follow-up review, 28 of the initial 74 patients had excellent results and could participate in activity without any limitations related to their back; 43 thought they had good results (some of these patients had undergone a second or third operation) and could, in general, participate in most activities, but occasionally felt some back discomfort when they "overdid it;" and three thought that they had poor results and were significantly limited by their back discomfort. Sixty patients did not undergo fusion after their initial operations (Table 6 ). Early in this series, several patients underwent fusion because of radiographic evidence of a narrow disc space; however, this is not the present practice. During the past 15 years, only four pediatric disc operations have been followed by fusion (Fig. 1) . Currently, patients are considered for fusion after bilateral surgery at the same disc space for root compression from spondylolisthesis or disc disease. Of the 60 patients who did not have spine fusion, 14 developed recurrent symptoms after their initial surgical procedures. Of these 14 patients, nine required a second operation, three a third procedure, and two a fourth procedure. Ten of the 14 patients had their second operation within 5 years of their first operation (Fig.  2) . After 10 years following the initial disc operation, the chance that a further back procedure would be needed was less than 7%. Of the two patients who had a poor result after spinal fusion, one was the patient previously mentioned who eventually had a good result after a solid fusion was accomplished; the other required I I 10 5 Years of follow-up 0 1. Number of fusions in 74 pediatric patients correlated with time of initial lumbar disc operation. treatment for a protruded disc at the level above the solid fusion and a good result was accomplished after this additional operation.
The preoperative duration of symptoms did seem to have some effect on the outcome, although this observation could not be confirmed statistically. Specifically, five of the nine patients who had had symptoms for more than 1 year preoperatively did not think that their immediate postoperative surgical result was excellent or good (Table 7) ; however, some of these patients did improve over the next several months and eventually did well.
Discussion
Only 0.4% of all patients undergoing lumbar disc operation at the Mayo Clinic between 1950 and 1983 were aged 16 years or younger. Only 3% of patients 16 years or younger who presented with a chief complaint of low-back pain eventually underwent a lumbar disc After all medical and surgical treatment, the results in the 74 patients were considered excellent in 42 (57%), good in 28 (38%), and poor in only three (4%). One patient died of unrelated causes.
The factors that predispose to disc herniation initially may also result in new lesions for which surgery is indicated. Because 58 (78 %) of the adolescents did well after their initial operation and did not need further procedures, it does not seem reasonable to restrict the activity of all adolescents who undergo back operation. Two of the patients in this series went on to receive college basketball scholarships. Adolescents should not be denied a second or a third operation if indicated because many (13 of 16 in this series) eventually do well. Fusion should not be denied, nor should it be performed routinely; rather, it should be done only if there is a sound reason. We believe that fusion should be carried out only to prevent potential subluxation or instability. Incompetency of facet joints due to developmental variations, trauma, or operation was the reason for fusion in our patients during the past 15 years, and this occurs only rarely with pediatric patients who require lumbar disc operation. We do not believe that fusion improves the outcome or decreases the recurrence rate. Most of the patients who underwent fusion early in this series would not be considered for fusion under our present criteria.
A surgical procedure is not a simple and final solution to all lumbar disc disease in the pediatric population. Nevertheless, with careful patient selection and conscientious follow-up monitoring and treatment, satisfactory results can be achieved in most patients.
